[1] The 14 C measurements in the Arabian Sea and the Bay of Bengal during the late 1990s offer a way to assess the temporal changes in the inventories of bomb-14 C and its penetration into the ocean, in two decades since GEOSECS expeditions (1977) (1978) . The mean penetration depth of bomb radiocarbon during GEOSECS (1977 GEOSECS ( -1978 was 270 m, which increased by $40% to 381 m in 1994-1998. The small changes in bomb-14 C inventories, significant increase in the mean penetration depths and lowering of the surface D 14 C values in the northern Indian Ocean indicate the temporal variation of bomb-14 C in two decades is mainly through downward transfer through mixing with deeper waters. The observed bomb-14 C inventory in the northern Indian Ocean agrees with numerical model simulated values, except at the equatorial Indian Ocean. The high bomb-14 C inventory at the equator can be attributed to lateral advection of 14 C-enriched waters from the Pacific Ocean through the Indonesian archipelago. The air-sea CO 2 exchange rates in the northern Indian Ocean calculated from the bomb-14 C inventories range from $7 mol m À2 yr À1 (in the northern Bay of Bengal) to 20 mol m À2 yr
À1
(in the equatorial Indian Ocean). Net sea-air flux of CO 2 estimated for the northern Indian Ocean between 0 and 25 N is $104 AE 30 TgC yr
. The Bay of Bengal is a net sink of atmospheric CO 2 ($À1 AE 0.4 TgC yr À1 ), while the Arabian Sea is a source of CO 2 ($69 AE 21 TgC yr À1 ).
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Introduction
[2] The naturally occurring radioactive isotope of carbon 14 C, commonly known as radiocarbon, can be used as a tracer to study the pathways of carbon across various exchangeable carbon reservoirs (e.g., oceans, biosphere, soil organic matter), which interact with atmospheric CO 2 reservoir on time scale of decades to centuries [Stuiver et al., 2000] . The inadvertent addition of bomb-14 C in the environment between early 1950s and 1960s from above ground nuclear detonations can be used to address a host of problems pertaining to the global carbon cycle and ocean circulation. Since late 1950s global surface oceans showed a measurable increase in 14 C concentration due to transfer of bomb-14 C from the atmosphere to the oceans [Rafter and Ferguson, 1957] . 14 C in oceans has long been employed as a useful tracer to study the processes of air-sea CO 2 exchange and circulation at different time scales. Both natural (cosmogenic) and bomb produced (anthropogenic) 14 C are suitable for these studies.
[3] The increase in oceanic inventory of bomb-
14
C depends on the local air-sea CO 2 exchange rate, diffusivity, vertical and lateral movement of seawaters. Since the bomb-14 C concentration in the upper layers of the ocean changes on time scale of decades, it is an ideal tracer to study air-sea CO 2 exchange processes and to trace decadal mixing processes in the thermocline [Quay and Stuiver, 1980; Broecker et al., 1985 Broecker et al., , 1995 Druffel, 1989] . Measurement of 14 C in oceans is also important for validating ocean general circulation models that are primarily used for predicting oceanic CO 2 uptake rates and used to simulate the oceanic 14 C distribution [Toggweiler et al., 1989; Jain et al., 1995; Guilderson et al., 2000; Sweeney et al., 2007] .
[4] The Arabian Sea and the Bay of Bengal in the northern Indian Ocean are characterized by contrasting oceanographic features, which result in distinct differences in their circulation pattern in the thermocline region and also in the magnitude and direction of the sea-air CO 2 fluxes. The Bay of Bengal receives large amount of fresh water throughout the year from seven major rivers, with peak input during the southwest monsoon season (June to September). Large inputs of fresh water causes formation of a low salinity and low-density layer at the surface Bay of Bengal, thereby creating a steep gradient of the isopycnal surfaces and reducing the vertical mixing. This, coupled with high biological
